ABSTRACT
INTRODUCTION
Rapid development of urban areas requires also acceptable thermal conform of visitors as well. There is need to investigate the thermal comfort based on the microclimatic environmental factors. There are different factors which could impact the thermal conform of the visitors. The factors could be social, cultural and recreational activities of the visitors. Thus there is need to create a methodology which will be based on all aspect of thermal comfort.
Psychological and sociocultural processes are important in assessment of thermal comfort [1] . One of the greatest environmental challenges for the sustainability of future cities is the mitigation of the urban heat island phenomenon and thus, improvement of outdoor comfort conditions for people [2] . There is need to bridge the gap between urban climatology and urban design in coastal temperate climate cities of developing countries [3] . Urban parks were measured to be thermally uncomfortable, but were perceived to be thermally comfortable [ In the study thermal comfort of visitors in open urban areas are investigated based on artificial intelligence methods [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The thermal comfort are analysed based on four parameters: physiologically predicted mean vote (PMV), the equivalent temperature (PET), the standard effective temperature (SET). Predictive models are created for the outputs with an advances algorithm based on artificial intelligence methods. As the input factors microclimatic parameters are used and questionnaire survey is performed of the visitors about their thermal comfort.
METHODOLOGY

Experimental measurements of thermal comfort in open urban area
Urban locations in Serbia are analysed and corresponding data are acquired. The measurements are performed on the field for one whole year to cover all microclimatic and climatic conditions. The parameters which are measured are: air temperature (T a ), globe temperature (T g ), relative humidity (RH), globe radiation (R s ), wind speed (W s ) and wind direction (W dir ).
There are also questionnaire survey of the visitors on the open urban areas which is also conducted. The survey is based on demographic information, overall conform feeling, reasons to be there, visitors' behaviour. These input factors for the survey are: location, activity, age group, gender and locality. Input factor "activity" is based on visitors' activity on the open urban space. There are four activities in the study: sedentary, standing, walking, riding a motorcycle, exercising, riding a bicycle.
Input factor "age group" is based on the visitors' age as follows: child, teen, 18-24, 25-43, 45-54, 55-64 and more than 65.
Input factor "gender" has two numerical values based on the visitors' gender. Also the input factor "locality" has two numerical values for local visitors and for tourist visitors.
There are four outputs which are used in the study. These parameters represents the thermal comfort in the open urban area. The outputs are calculated by RayMan model [33] .
Computational modelling by artificial intelligence methods
The first methodology is based on neural network (NN) principle. The acquired input/output data pairs are used for NN training and testing purpose. NN is capable to solve relationship of the highly nonlinear data like thermal comfort data. As training algorithm for the NN, extreme learning machine (ELM) [34, 35] is used. Although there are many different training algorithms for the NN, extreme learning machine us used since the ELM is faster than traditional training method like backpropagation algorithm. By using ELM more reliable generalization performances could be observed and training process is faster than backpropagation (BP) algorithm [36] . ELM training algorithm uses single feed forward neural networks. Basic principle of the ELM training procedure is determining of random input weights of the NN. In such a way training procedure is more relaxed and therefore there is need less time.
The predictive results of the NN with ELM training algorithm are then compared with computational methodology based on artificial intelligence like genetic programming (GP). Also as comparative results NN with ELM is compares with NN with BP training algorithm.
The predictive results of the applied methodologies are compared by three statistical indicators: mean square error (RMSE), the coefficient of determination (R2), and the Pearson correlation coefficient (r).
RESULTS
Figures 1-3 shows the predictive performances of the thermal comfort with the three methods based on the given inputs. Figure 2 One can note that the NN with ELM has the best predictive performances for the PET prediction according to the coefficient of determination. Based on the results in Figure 2 and 3 one can conclude that the NN with ELM has the better predictive performances for thermal comfort than NN with BP and GP results. Table 1 shows the comparative results of the three methods based on the three statistical indicators. NN with ELM outperform the other two approaches based on the all statistical indicators. Also one can note that the NN with ELM has high prediction accuracy for the thermal comfort. In other words RMSE values should be smaller and R2 and r should be closer to 1 in order to be more precise. Based on R2 coefficient one can see that ELM approach has strongest correlation since R2 values are higher than 0.95. In the study a procedure is performed to make prediction of the thermal comfort of the visitors in open urban areas. The thermal comfort is presented with four output factors. Input factors are based on microclimatic conditions and a questionnaire survey. The visitors' responses are analysed based on their location, activity, gender, age and locality.
Computational intelligence approaches are used for the prediction of the thermal comfort. The approaches are based on neural networks and genetic programming principle. Neural network is trained with two training algorithm for comparative study. The training algorithm are extreme learning machine and back-propagation algorithm. Measurement is performed to acquire thermal conform input/output data pairs. The data is them used for the training and testing of the computational intelligence approaches. Based on prediction neural network with extreme learning machine shows the best predictive performances of the thermal comfort parameters. 
